Introduction
In solid peptides and polypeptides the hydrogen bond plays an important role for forming the second-order structures such as the α-helix, β-sheet, etc. and higher-order structures [1] [2] [3] . For this reason, we have studied NMR methodologies for obtaining information about the hydrogen-bonded structure of peptides and polypeptides in the solid state through the observation of solid state NMR chemical shifts. Then, we have elucidated the relationship between the hydrogen-bond lengths and solid state NMR chemical shifts of 13 C [4] [5] [6] [7] [8] , 15 N [9,10] and 17 O [11] [12] [13] nuclei from the experimental and theoretical aspects. From these systematic works, it has been obtained that the observation of the main-chain chemical shifts leads to the determination of the hydrogen-bond length in solid peptides and polypeptides including proteins.
Most recently, the amide proton NMR spectra of glycine-containing peptides and polypeptides in the solid state, of which the hydrogen-bond lengths are distributed in the wide range, have been successfully measured by high frequency 800 MHz NMR [14] and 300 MHz NMR with the frequencyswitched Lee-Goldburg (FSLG) homo-nuclear dipolar decoupling method [15] . These experimental results have showed that the amide proton chemical shifts move downfield with a decrease in R N…O (hydrogen-bond length between the amide nitrogen atom and amide carbonyl oxygen atom) or R H…O (hydrogen-bond length between the amide hydrogen atom and amide carbonyl oxygen atom). It has been preliminarily explained by ab initio 6-31G**basis set using a GlyGly supermolecule.
In this work we aim to calculate more sophisticatedly isotropic 1 H chemical shifts and 1 H chemical shift tensor components of the amide proton in a supermolecule, an N-methylacetamide hydrogenbonded with a formamide, as functions of hydrogen-bond length R N…O and hydrogen-bond angles θ with the FPT-GIAO method within the HF/STO 6-31 [16] [17] [18] in the Gaussian 98 program [19] , in order to understand deeply behavior for the experimental isotropic 1 H chemical shifts of Gly-containing peptides and polypeptides associated with hydrogen bonding.
Theoretical Calculations
The 1H chemical shift calculations were made with the FPT-GIAO method within the STO 6-31 ++ G(d,p) ab initio MO framework [16] [17] [18] in the Gaussian 98 program [19] using the optimized geometries of a supermolecule, an N-methylacetamide hydrogen-bonded with a formamide. In the calculations, the hydrogen-bond length R N…O between the amide nitrogen atom and amide carbonyl oxygen atom and the hydrogen-bond angle θ were changed as shown in Fig. 1 . The calculated chemical shifts are converted in ppm relative to tetramethylsilane(TMS). peptides and polypeptides reported previously [14, 15] are listed in Table 2 . In the calculations the hydrogen-bond lengths and hydrogen-bond angles for various Gly-containing peptides and polypeptides as determined by X-ray diffraction are used. Fig. 3 
